Introduction {#Sec1}
============

Spins, due to the merit of their long decoherence, have been widely used for ultrasensitive sensing of various signals^[@CR1]--[@CR10]^. However, the precision of the conventional measurement with spins is bounded by the shot noise or the SQL^[@CR11],[@CR12]^. Quantum spin squeezing and entanglement can surpass the SQL and therefore boost the sensitivity in quantum measurements to approach the Heisenberg limit^[@CR11],[@CR13]^.

To exploit the power of the spin-squeezed state (SSS), various methods have been proposed using quantum measurement^[@CR14]--[@CR16]^, quantum bath engineering^[@CR17]^, converting entanglement to squeezing^[@CR18]^ and cavity feedback^[@CR19],[@CR20]^, typically for atomic ensembles. The state-of-the-art experiment has achieved 20 dB squeezing of half a million ultracold Rb atoms in a natural trap^[@CR14]^. Recently, Bennett *et al*. show the potential to squeeze 100 nitrogen-vacancy (NV) spins in diamond via the Tavis-Cummings interaction with a nanomechanical resonator, mediated by strain^[@CR21]^. Their scheme inevitably and sensitively suffers to the large thermal excitation of mechanical resonator. Zhang's and our works show that the NV centers can also couple to a mechanical resonator mediated by a giant magnetic gradient^[@CR22],[@CR23]^. This hybrid system enables to squeeze NV centers by controlling the so-called geometric phase, which is a global phase accumulated during the evolution of a quantum system. Taking the merit of the geometric phase protocol robust again various noises, the squeezing is immune to thermal excitation^[@CR22],[@CR23]^. However, the giant magnetic gradient causes large Zemman splitting in NV centers and is highly localized in nanometer region. As a result, the available number of squeezed spins is limited up to 20^[@CR22],[@CR23]^. Cavity-assisted Raman transition (CART) has been proposed and then demonstrated for Dicke model quantum phase transitions^[@CR24]--[@CR27]^. Here we aim to provide an experimentally feasible scheme to squeeze millions or even trillions of spins using CART. Our geometric-phase-based scheme has the potential to surpass the achieved squeezing degree of other schemes.

In this paper, we propose an unconventional scheme for squeezing, in a transient way, a large ensemble of spins via the geometric phase control (GPC). We couple the ensemble of ultracold alkali atoms or a superfluid gas formed in Bose-Einstein condensate (BEC) or negatively charged silicon-vacancy (SiV^−^) color centers in diamond to the cavity. Using CART, we create an effective Dicke model for the spin-photon interaction. In a special arrangement, the effective resonance frequency, *ω* ~*c*~, of the cavity is much larger than the effective transition frequency of the spins. At a particular time, *t* = 2π/*ω* ~*c*~, the spin and cavity decouples. At the same time, the ensemble of spins accumulates a geometric phase due to the collective interaction with the cavity and are collectively twisted along one axis of the Bloch sphere of spins. As a result, the cavity squeezes the spins considerably. Because the spins can be optically initialized to their ground state and the thermal excitation of the optical cavity is vanishing small even at room temperature, our scheme has an advantage that the thermal noise can be neglected in squeezing. Importantly, we, for the first time, combine these two powerful quantum technologies, the CART and the GPC, for achieving the challenging goal squeezing a large ensemble of spins.

This paper is organized as following: First, we present the general configuration and model for our system. After that, we discuss the special properties and the realistic parameters of three specific implementations for our numerical simulations. Then we present our numerical results. Finally, we discuss the achievable squeezing degrees of three different types of implementations and conclude our work.

Model {#Sec2}
=====

We start the discussion of our work by describing the system. We apply the cavity electrodynamics (QED) configuration presented by Dimer *et al*.^[@CR24]^, in which an ensemble of *N* ~*a*~ double Λ-type systems is trapped, to form a Dicke model for our purpose of squeezing spin states. The level diagram of the system is depicted in Fig. [1](#Fig1){ref-type="fig"}. Each Λ-type system has two optical excited states $\documentclass[12pt]{minimal}
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In our systems investigated below, the dark states of spins are rarely excited, thanks to the small inhomogeneous broadening of the excited state. Therefore, we focus on the symmetric states with the total spin $\documentclass[12pt]{minimal}
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Parameters for implementations {#Sec3}
==============================

Here lets first briefly discuss three possible implementations using ultracold alkali atoms, negatively charged Silicon-vacancy (SiV^−^) centers in diamond or a superfluid gas formed in Bose-Einstein condensate (BEC). All three systems for implementations can be effectively treated as an ensemble of spin-$\documentclass[12pt]{minimal}
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Results {#Sec4}
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It is always desired to provide a prediction for the attainable squeezing parameter for a large ensemble. To provide such prediction, we calculate the squeezing parameter as the number of spins increasing, see Fig. [2(b)](#Fig2){ref-type="fig"}. Considering $\documentclass[12pt]{minimal}
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Using the CARTs in spins, we have proposed a GPC scheme to efficiently squeeze ensemble of spin. The available squeezing degree with increasing the number of spins has been numerically studied. Our scheme has the potential to surpass the experimental record up to date. The protocol is free of the detrimental thermal noise which heavily destroys the squeezing in mechanical resonator-based schemes. Our scheme paves a way to prepare the quantum state of a large ensemble of spins for achieving ultrasensitive quantum sensing.
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